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The purpose of this report is to test the accuracy of TRNSYS simulation of Solar Pool Heating 
System by comparing with F-Chart program which is an authoritative tool to analyze solar 
system and was developed in 1970s.  
This report is organized in nine sections. It begins with a brief introduction of Solar Pool Heating 
System which includes a basic diagram explaining the composition of the system. The detailed 
simulations of Solar Pool Heating System by TRNSYS and F-Chart are followed with the system 
input parameter tables and system output results related to system performance. In the next 
section, the comparison results between TRNSYS and F-Chart are well presented in term of 
summary tables and plots. To further test the reliability of TRNSYS simulation, four different 
cases are studied by changing the primary system input parameters.  The conclusions and 
references are listed in Section 5 and 6. Last but not least, Appendix A-C present the detailed the 
TRNSYS output data for each TRNSYS component in the Solar Pool Heating System, the 
TRNSYS model by TESS modeling Group and their summary report as well as the working 






1 SOLAR POOL HEATING SYSTEM INTRODUCTION 
With solar energy widely used as one of primary renewable energy resources, Solar Pool Heating 
System is adopted by both residential and commercial owners. Figure 1-1 shows a diagram of 
Solar Pool heating System including solar collectors, pumps, auxiliary heater and controllers, etc. 
In order to simplify the system, two loops are decided to use, which are solar collector loop and 
swimming pool loop. The first loop is consist of solar collectors, heat exchanger, controller and 
one single speed pump while the other loop include auxiliary heater, aquastat ( a controlling 
device), pumps and swimming pool. The algorithm of Solar Pool Heating System is referred to 
F-Chart manual which says that algorithms for estimating pool monthly energy loss was based 
on the one developed by Sigworth et al in 1979.  
In the Solar Pool Heating System, the solar energy is collected by solar collector and delivered 
through heater exchanger under the temperature difference control from the controller. The 
delivered useful energy first goes through a diverter and then either enters the auxiliary heater or 
bypass to the mixer depending on whether the temperature of the flow meets the set point 
temperature. If the flow temperature is lower than the set point temperature, it will enter the 
auxiliary heater to be heated up to the set point and then flow out to the mixer.  Two flows 
mixing together from the mixer enter the swimming pool eventually. 
 





2 SOLAR POOL HEATING SYSTEM SIMULATION 
2.1 F-Chart Simulation 
F-Chart is an authoritative computer program which is used to design and analyze solar heating 
systems including Domestic Water Heating Systems, Pebble Bed Storage Space and Domestic 
Water Heating Systems, Water Storage Space and Domestic Water Heating Systems, Active 
Collection with building Storage Space heating Systems, Direct-gain Passive Systems, Collector-
Storage Wall Passive Systems, Pool heating Systems, general Solar Heating Systems and integral 
Collector-Storage Domestic Water Heating Systems (F-Chart Manual Window Version). F-Chart 
method was original developed by Klein in 1976 in his Ph.D. dissertation (Haberl and Cho, 2004) 
which was also the basis for TRNSYS software.  
Figure 2-1 reveals Pool Heating System in the F-Chart Manual without detailed information. 
Therefore, the system diagram was selected based on the descriptions in Section 1. 
 
Figure 2-1 Pool Heating System Diagram in F-Chart Manual. 
 
2.1.1 F-Chart input 
 
Table 2-1 shows the input values for an F-Chart Simulation. The weather file for Houston city is 
selected as the location of the pool system. However, the modified weather file is used instead of 
original one installed in F-Chart. The reason for that is to minimize the simulation discrepancy 
due to different weather file in TRNSYS and F-Chart, which can be referred in Solar Domestic 
Hot Water System report for Comparing TRNSYS software and F-Chart program. 
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The flat-plate collector and pool system are selected in F-Chart simulation. The detailed input 
information is listed in Table 2-1 in terms of SI unit. The solar collector is assumed to face south 
with water inside the collector tubes and the pool is assumed to be outdoor pool without any 
cover during the simulation period from January to December. 
 
Table 2-1F-Chart Input Values for Pool Heating System 
 
 
2.1.2 F-Chart output 
Figure 2-2 shows the output results from F-Chart simulation for Pool Heating System, which 
includes the analysis for monthly collected solar energy (Q Coll), monthly solar energy directly 
absorbed by the pool (Q Pool), monthly load (Load), monthly auxiliary heating energy (Aux), f 
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Figure 2-2 Pool Heating System Simulation Resutls by F-Chart. 
 
2.2 TRNSYS Simulation 
TRNSYS is a Transient System Simulation tool which can simulate not only instantaneous 
thermal systems but also building simulations. It is consist of simulation studio and TRNBuild as 
well as TRNSYS Add-ons, such as TRNFlow, COMIS 3.2, TESS Libraries and TRNSYS 3d for 
Google SketchUp
TM
 (TRNSYS 17 Manual, 2010). This is user-friendly software, which provides 
modular image for each TRNSYS component so that the user can easily pick module graphically.  
The Solar Pool Heating System is modeled as shown in Figure 2-3. As it mentioned before, the 
system contains two loops: solar collector and swimming pool loops. The detailed settings for 




Figure 2-3 Pool Heating System Simulation by TRNSYS 
2.2.1 Weather 
TMY2 Houston weather file is uploaded and its data is output by TRNSYS Type 15-2 which 
includes dry bulb temperature, solar radiation, humidity, etc. All the parameters are shown in 
Table 2-2. 




Parameter Value Unit Remarks
File Type 2 - 2=TMY2 format
Logical Unit 35 -
The logical unit through w hich 
the data reader w ill read the 
external w eather f ile
Tilted Surface Radiation Mode 3 - 3=Reindl Model
Ground Reflectance - no snow 0.2 -
Ground Reflectance -  snow 0.7 -
Number of Surface 1 -
The number of surfaces for 
w hich titlted surface radiation 
calculations w ill be performed
Tracking Mode 1 - 1=fixed surface (no tracking)
Slope of Surface 29.8 degree
Azimuth of Surface 0 degree
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2.2.2 Solar collector 
The quadratic efficiency solar collector, TRNSYS Type 1-b, is selected with the collector area 50 
m
2
. The incidence angle modifier data needs to be uploaded through external text file which is 1, 





















, respectively. The settings are shown in Table 2-3. 
Table 2-3 Collector Input Summary for Type 1-b 
 
2.2.3 Heat exchanger  
Heat Exchanger is modeled as a constant effectiveness heat exchanger which is TRNSYS Type 
91. The fluids used for both hot side and cold side are water. There is no need to put antifreeze 
into the heat exchanger due to Houston climate features. The settings are shown in Table 2-4. 
 
 
Parameter Value Unit Remarks
Number in Series 1 -
How  many collectors are 
hooked up in a series 
arrangement
Collector Area 50 m2
Fluid Specif ic Heat 4.19 kJ/kg K
Efficiency Mode 1 -
1=the eff iciency parameters 
are given as a function of 
the inlet temperature
Tested Flow  Rate 0 kg/hr m2
Intercet Eff iciency 0.78 -
Efficiency Slope 21.87 W/m2 K
Efficiency Curvature 0 W/m2 K2
Optical Mode 3 -
The incidence angle 
modif iers are to be read 
from an external data f ile
Input Value Unit
Inlet Temperature 20 C
Inlet f low rate Linked kg/kJ
Ambient Temperature 10 C
Incident Radiation Linked kJ/hr m2
Total Horizontal Radiation Linked kJ/hr m2
Horizontal Diffuse Radiation Linked kJ/hr m2
Ground refelctance 0.2 -
Incidence Angle Linked degree
Collector Slope Linked degree
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Table 2-4 Heat Exchanger Input Summary for Type 91 
 
2.2.4 Controller 
The temperature difference controller is modeled by TRNSYS Type 2b to control the pump behavior 
based on temperature difference between flow temperature output by solar collector and pool temperature. 
It will generate control signal either 0 or 1. The pump works when control signal equals to 1 while it stops 
working when control signal equals to 0. The settings are shown in Table 2-5. 
Table 2-5 Controller Input Summary for Type 2b 
 
2.2.5 Pumps 
All pumps are modeled as a single-speed pump which is represented by TRNSYS Type 3d. However, in 
the current simulation, the pump model comes from TRNSYS 16 which has the same functions. The 





Heat Excahnger Effectiveness 0.5 -
Specific Heat of Source Side Fluid 4.19 kJ/kg K
Specific Heat of Load Side Fluid 4.19 kJ/kg K
Input Value Unit
Source Side Inlet Temperature Linked C
Source Side Flow  Rate Linked kg/kJ
Load Side Inlet Temperature Linked C
Load Side Flow  Rate Linked kg/kJ
Parameter Value Unit Remarks
No. of Oscillations 5 -
The number of control 
oscillations allow ed in 
one timestep before the 
controller is "stuck" so 
that the calculations can 
be solved
High Limit Cut-Out 60 C
Input Value Unit
Upper Input Temperature Th 20 C
Low er Input Temperature Tl 15 C
Monitoring Temperature Tin 20 C
Input Control Function 0 -
Upper Dead Band dT 2 Temp.Difference
Low er Dead Band dT 2 Temp.Difference
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Diverter is a device to separate coming flow into two streams with the same flow temperature 
and flow rate, which is modeled by TRNSYS Type 11f. The settings are shown in Table 2-7. 




Mixer is a device to mix the coming flows into one stream which follows the rules in 




Parameter Value Unit Remarks
Maximum Flow  Rate 1000 kJ/hr
Fluid Specific Heat 4.19 kJ/kg K
Maximum Pow er 1 HP
Conversion Coefficient 0 -
The fraction of pump 
pow er that is 
converted to f luid 
thermal energy
Input Value Unit
Inlet Fluid Temperature 20 C
Inlet Fluid Flow  Rate Linked kg/hr
Control Signal 1 - 1=pump w orks
Parameter Value Unit Remarks
Controlled Flow  Diverter Mode 2 -
Input Value Unit
Inlet Fluid Temperature Linked C
Inlet Fluid Flow  Rate Linked kg/hr
Control Signal 0.5 -
The control signal sets 
the position of a damper 
controlling the 




Table 2-8 Mixer Input Summary for Type 11d 
 
2.2.8 Auxiliary heater 
Auxiliary Heater is used to add auxiliary heating energy into the coming flow with set point 
temperature 60
◦
, which is modeled by TRNSYS Type 6. The overall loss coefficient is set to zero 
in order to ignore the heat loss energy from the heater itself. The settings are shown in Table 2-9. 
Table 2-9 Auxiliary Heater Input Summary for Type 6 
 
2.2.9 Aquastat 
Aquastat is a control device and used to control pumps and auxiliary heater, which is modeled by 







Tee Piece Mode 1 -
Input Value Unit
Temperature at Inlet 1 Linked C
Flow  Rate at Inlet 1 Linked kg/hr
Temperature at Inlet 2 Linked C
Flow  Rate at Inlet 2 Linked kg/hr
Parameter Value Unit
Maximum Heating Rate 23 kW
Specific Heat of Fluid 4.19 kJ/kg K
Overall Loss Coefficient for 
Heating Operation
0 W/K
Efficiency of Auxilary Heater 1 -
Input Value Unit
Inlet Fluid Temperature Linked C
Fluid Mass Flow  Rate Linked kg/kJ
Control Function 1 -
Set Point Temperature 60 C
Temperature of Surroundings 20 C
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Table 2-10 Aquastat Input Summary for Type 502 
 
2.2.10 Pool 
Swimming Pool in the system is an outdoor pool without any cover, which is modeled by 
TRNSYS Type 344 by TRNSSOLAR. It can output the pool temperature and heat loss from 
evaporation, convection and long-wave/short-wave radiation, which helps calculating direct solar 
energy absorbed by pool (Q Pool) and the load (Load). The settings are shown in Table 2-11. 
Table 2-11 Pool Input Summary for Type 344 
 
Parameter Value Unit
No. of Oscillations Permitted 5 -
1st Stage Heating in 2nd stage? 1 -
2nd Stage Heating in 3rd stage? 1 -
1st Stage Heating in 3rd stage? 1 -
Temperature Dead Band 1 delta C
Input Value Unit
Fluid Temperature 20 C
1st Stage Heating Temperature 60 C
2nd Stage Heating Temperature 18 C
3rd Stage Heating Temperature 16 C
Parameter Value Unit
Initial Temperature of Pool Water 20 C
Pool Surface Area 50 m
2
Pool Volume 75 m
3
Cover Thickness 0 m
Input Value Unit
Air Temperature Linked C
Ambient Air RH Linked -
Wind Velocity 1 m/s
Total Solar Radiation on Horizontal Linked kJ/hr m
2
Effective Sky Temperature 18 C
Temperature of Enclosure Surfaces 20 C
Short Wave Radiation kJ/hr
Water Surface Activity 1 -
Mass Flow  rate of Fresh Water Linked kg/hr
Temperature of Fresh Water Linked C
Pool Opening Time 8 hr
Pool Closing Time 20 hr
Maximum Pool Occupancy 20 -
Covered Pool Fraction 0 -
Mass Flow rate of Heated Water Linked kg/hr
Temperature of Heated Water Linked C
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2.2.11 Mains water temperature 
Mains water temperature is the temperature of the supplied water, which is modeled by forcing 
function TRNSYS Type 14e. Figure 2-4 shows the temperature pattern of the supplied water 
which is the same data from monthly weather file shown in F-Chart.  
 
.  
Figure 2-4 Mains Water Temperature Profile for Type 14e 
2.2.12 TRNSYS Results 
The monthly simulation results of TRNSYS are obtained by TRNSYS Type 24 which can 
integrate the value for each timestep into monthly value. Three outputs are obtained: solar energy 
direct absorbed by the Pool (Q Pool), heat losses from evaporation, convection and radiation, 
auxiliary heating energy (Aux). The QColl, Load and f factor are manually calculated based on 
energy balance on the Solar Pool heating System. The detailed results of Solar Pool Heating 
System are shown in Table 2-12 in term of SI unit. Compared with the results of F-Chart 
simulation shown in Figure 2-2, there are large differences, which are thought to be due to the 



















Jan 6.271 13.599 52.379 46.108 0.120
Feb 6.496 15.200 48.435 41.939 0.134
Mar 7.938 21.454 43.074 35.136 0.184
Apr 3.313 23.895 24.460 21.147 0.135
May 1.602 28.192 11.406 9.805 0.140
Jun 0.000 29.748 0.047 0.820 1.000
Jul 0.000 29.552 0.000 0.000 1.000
Aug 0.000 27.759 1.728 1.731 1.000
Sep 2.036 23.817 9.475 7.439 0.215
Oct 4.880 21.293 25.557 20.676 0.191
Nov 8.403 15.494 41.889 33.486 0.201
Dec 7.012 12.175 54.937 47.925 0.128




3 SOLAR POOL HEATING SYSTEM SIMULATION COMPARISONS 
 
3.1 Overview 
In this section, a Solar Pool Heating System is simulated by TRNSYS software as well as F-
Chart by using the results shown in Section 2. The comparisons of Q Coll, QPool, Load Aux and 
f factor are shown as follows. 
 
3.2 Comparisons of TRNSYS and F-Chart for Solar Pool Heating System Simulations  
Figure 3-1 - Figure 3-4 show the detail comparisons of these two simulations on monthly total 
solar energy (Q Coll), monthly total water heating demand (Load), monthly total auxiliary 
energy (Aux) , monthly total solar energy absorbed directly by the pool (QPool) and the f factor. 




Figure 3-1 Monthly Solar Energy delivered by the Solar Collectors to the Pool. 
 
As it shown in Figure 3-1, the pattern difference is quite large, which results in annual difference 
is 62.2%. The one from F-chart appears two peak values around April and October and zero 




























Figure 3-2 Monthly Load Demand. 
 
As it is shown in Figure 3-2, the water heating demand calculated by TRNSYS is matching well 
with the one from F-Chart whose annual difference is 10.33%. The load demand is calculated 
from the total pool heat loss by evaporation, convection, radiation minus the solar energy directly 
absorbed by the pool. 
 
 










































Seen in Figure 3-3, the monthly total auxiliary energy comparisons based on various mains 
temperatures show a large difference between the TRNSYS simulation and F-Chart Program 









Figure 3-4 shows the monthly total useful solar energy supplied by the solar energy system. It is 
output by the collector component, which means the useful energy collected by the solar 



























Figure 3-5 f Factor 
 
Figure 3-5 shows the f factor comparison between TRNSYS and F-Chart simulations, which 
























Table 3-1 show the details comparisons of Pool Heating System simulation by TRNSYS and F-Chart. The tables include the results 





































Jan 6.271 13.599 52.379 46.108 0.120 10.020 12.960 59.670 49.650 0.168 0.168 59.78% -4.70% 13.92% 7.68% 28.73%
Feb 6.496 15.200 48.435 41.939 0.134 10.180 14.470 54.130 43.950 0.188 0.188 56.70% -4.80% 11.76% 4.80% 28.66%
Mar 7.938 21.454 43.074 35.136 0.184 14.920 20.450 43.370 28.440 0.344 0.344 87.97% -4.68% 0.69% -19.06% 46.43%
Apr 3.313 23.895 24.460 21.147 0.135 16.560 22.770 26.120 9.560 0.634 0.634 399.84% -4.71% 6.79% -54.79% 78.64%
May 1.602 28.192 11.406 9.805 0.140 13.580 26.850 13.580 0.000 1.000 1.000 747.85% -4.76% 19.06% -100.00% 85.96%
Jun 0.000 29.748 0.047 0.820 1.000 3.860 28.350 3.860 0.000 1.000 1.000 - -4.70% 8200.83% -100.00% 0.00%
Jul 0.000 29.552 0.000 0.000 1.000 0.000 28.160 0.000 0.000 1.000 1.000 - - - - -
Aug 0.000 27.759 1.728 1.731 0.000 3.730 26.460 3.730 0.000 1.000 1.000 - -4.68% 115.89% -100.00% 100.00%
Sep 2.036 23.817 9.475 7.439 0.215 13.250 22.690 13.250 0.000 1.000 1.000 550.79% -4.73% 39.83% -100.00% 78.51%
Oct 4.880 21.293 25.557 20.676 0.191 18.470 20.290 27.310 8.850 0.676 0.676 278.45% -4.71% 6.86% -57.20% 71.75%
Nov 8.403 15.494 41.889 33.486 0.201 13.400 14.770 42.760 29.360 0.313 0.313 59.47% -4.67% 2.08% -12.32% 35.91%
Dec 7.012 12.175 54.937 47.925 0.128 8.740 11.600 61.710 52.970 0.142 0.142 24.65% -4.72% 12.33% 10.53% 10.12%
Year 47.951 262.176 313.387 266.213 0.153 126.720 249.810 349.500 222.780 0.363 0.363 62.16% -4.95% 10.33% -19.50% 57.85%
TRNSYS DiffF-Chart (New weaher)
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4 DIFFERENT CASES OF POOL HEATING SYSTEM SIMULATION 
The purpose of this section is to compare the Pool Heating System between F-Chart program and 
TRNSYS simulation. Four variables are selected to test the difference percentages between those 
two softwares. The base case is the one shown in Section 3. 
4.1 Case 1: Change solar collector area 
4.1.1 Setting solar collector area equals to 1 m2 
 
 
Figure 4-1 Monthly Solar Energy delivered by the Solar Collectors to the Pool (Acoll=1m
2
) 
Seen from Figure 4-1, the delivered solar energy is almost zero for TRNSYS and F-Chart, which 
appears a flat pattern. This is due to the small solar collector area. The annual difference 
percentage is 78.12%. The auxiliary heater will provide most required heating load to the 




























Figure 4-3Monthly Energy Supplied by the Backup Pool Heater (Acoll=1m
2
) 
Figure 4-2 and Figure 4-3 show the monthly load and auxiliary energy, respectively.  In July, 
both loads achieve zero which means the direct solar gain absorbed by the pool can maintain the 












































Figure 4-4 Monthly Solar Energy Directly Absorbed by the Pool (Acoll=1m
2
) 
Figure 4-4 reveals the solar energy absorbed directly by the pool. The comparison results 
indicate both simulations are quite close. The difference percentage is -4.95%. 
 

















































































Jan 0.000 13.599 49.652 51.279 0.000 0.200 12.960 59.670 59.470 0.003 0.003 - -4.70% 20.18% 15.97% 100.00%
Feb 0.000 15.200 46.632 47.644 0.000 0.204 14.470 54.130 53.930 0.004 0.004 - -4.80% 16.08% 13.19% 100.00%
Mar 0.000 21.454 41.988 42.660 0.000 0.298 20.450 43.370 43.070 0.007 0.007 - -4.68% 3.29% 0.96% 100.00%
Apr 0.000 23.895 24.367 25.568 0.000 0.331 22.770 26.120 25.790 0.013 0.013 - -4.71% 7.19% 0.87% 100.00%
May 0.000 28.192 11.161 11.747 0.000 0.388 26.850 13.760 13.370 0.028 0.028 - -4.76% 23.28% 13.81% 100.00%
Jun 0.000 29.748 0.093 1.048 1.000 0.421 28.350 4.010 3.590 0.105 0.105 - -4.70% 4204.70% 242.47% -852.38%
Jul 0.000 29.552 0.000 0.000 1.000 0.000 28.160 0.000 0.000 1.000 1.000 - - - - -
Aug 0.000 27.759 1.768 2.243 0.000 0.428 26.460 3.920 3.490 0.109 0.109 - -4.68% 121.71% 55.58% 100.00%
Sep 0.350 23.817 9.283 8.934 0.038 0.393 22.690 13.350 12.950 0.029 0.029 12.43% -4.73% 43.80% 44.95% -29.84%
Oct 0.000 21.293 25.201 25.817 0.000 0.369 20.290 27.310 26.940 0.014 0.014 - -4.71% 8.37% 4.35% 100.00%
Nov 0.411 15.494 40.687 40.276 0.010 0.268 14.770 42.760 42.490 0.006 0.006 -34.77% -4.67% 5.10% 5.50% -68.29%
Dec 0.000 12.175 52.467 53.114 0.000 0.175 11.600 61.710 61.540 0.003 0.003 - -4.72% 17.62% 15.86% 100.00%
Year 0.760 262.176 303.301 310.329 0.003 3.476 249.810 350.120 346.640 0.010 0.010 78.12% -4.95% 13.37% 10.48% 74.93%
TRNSYS F-Chart (New weaher) Diff
 30 
 
4.1.2 Setting solar collector area equals to 1000 m2 
 
In this case, the solar collector area is set as a quite large number. 
From Figure 4-6 - Figure 4-10, load and pool energy are quite similar for TRNSYS and F-Chart 
comparison while the solar energy and auxiliary energy are quite different. Their difference 
percentages are 78.5%, -4.95%, 8.48%, shown in Table 4-2. 
 
 































































































































































Jan 11.309 13.599 53.687 42.378 0.211 59.440 12.960 59.440 0.000 1.000 1.000 425.61% -4.70% 10.72% -100.00% 78.94%
Feb 10.359 15.200 49.403 39.045 0.210 53.890 14.470 53.890 0.000 1.000 1.000 420.24% -4.80% 9.08% -100.00% 79.03%
Mar 11.339 21.454 43.670 32.331 0.260 43.120 20.450 43.120 0.000 1.000 1.000 280.26% -4.68% -1.26% -100.00% 74.03%
Apr 5.152 23.895 24.643 19.491 0.209 25.940 22.770 25.940 0.000 1.000 1.000 403.51% -4.71% 5.27% -100.00% 79.09%
May 2.468 28.192 11.445 8.977 0.216 13.650 26.850 13.650 0.000 1.000 1.000 453.10% -4.76% 19.26% -100.00% 78.44%
Jun 0.000 29.748 0.038 0.690 1.000 3.810 28.350 3.810 0.000 1.000 1.000 - -4.70% 9954.27% -100.00% 0.00%
Jul 0.000 29.552 0.000 0.000 1.000 0.000 28.160 0.000 0.000 1.000 1.000 - - - - -
Aug 0.311 27.759 1.813 1.502 0.171 3.840 26.460 3.840 0.000 1.000 1.000 - -4.68% 111.84% -100.00% 82.85%
Sep 3.018 23.817 9.478 6.460 0.318 13.180 22.690 13.180 0.000 1.000 1.000 336.70% -4.73% 39.06% -100.00% 68.16%
Oct 7.073 21.293 25.703 18.630 0.275 27.260 20.290 27.260 0.000 1.000 1.000 285.39% -4.71% 6.06% -100.00% 72.48%
Nov 12.050 15.494 42.281 30.231 0.285 42.650 14.770 42.650 0.000 1.000 1.000 253.95% -4.67% 0.87% -100.00% 71.50%
Dec 11.804 12.175 56.562 44.758 0.209 61.470 11.600 61.470 0.000 1.000 1.000 420.76% -4.72% 8.68% -100.00% 79.13%
Year 74.883 262.176 318.722 244.491 0.235 348.240 249.810 348.240 0.000 1.000 1.000 78.50% -4.95% 8.48% - 76.51%
TRNSYS F-Chart (New weaher) Diff
 34 
 
4.2 Case 2: Change swimming pool area 
4.2.1 Setting pool area equals to 1 m2 
 
As pool are is set very small, from Figure 4-11 - Figure 4-15, solar energy, auxiliary energy and 
pool energy are quite similar for TRNSYS and F-Chart comparison while the load is quite 
different. Their difference percentages are shown in Table 4-3. 
 
 































































































































































Jan 0.000 0.272 1.326 3.021 0.000 1.967 0.258 1.967 0.000 1.000 1.000 - -5.14% 48.34% -100.00% 100.00%
Feb 0.000 0.304 1.195 1.309 0.000 1.779 0.288 1.779 0.000 1.000 1.000 - -5.26% 48.88% -100.00% 100.00%
Mar 0.241 0.429 0.945 0.703 0.255 1.641 0.408 1.641 0.000 1.000 1.000 580.30% -4.91% 73.74% -100.00% 74.46%
Apr 0.231 0.478 0.464 0.233 0.498 1.273 0.454 1.273 0.000 1.000 1.000 450.00% -5.00% 174.11% -100.00% 50.16%
May 0.000 0.564 0.146 0.249 0.000 1.060 0.535 1.060 0.000 1.000 1.000 - -5.12% 628.42% -100.00% 100.00%
Jun 0.000 0.595 0.000 0.000 1.000 0.832 0.565 0.832 0.000 1.000 1.000 - -5.03% - - 0.00%
Jul 0.000 0.591 0.000 0.000 1.000 0.769 0.561 0.769 0.000 1.000 1.000 - - - - -
Aug 0.000 0.555 0.000 0.000 1.000 0.856 0.527 0.856 0.000 1.000 1.000 - -5.08% - - -
Sep 0.209 0.476 0.209 0.000 1.000 1.017 0.452 1.017 0.000 1.000 1.000 386.51% -5.11% 386.51% - 0.00%
Oct 0.225 0.426 0.503 0.277 0.449 1.320 0.405 1.320 0.000 1.000 1.000 485.45% -4.90% 162.66% -100.00% 55.13%
Nov 0.000 0.310 0.910 0.967 0.000 1.612 0.294 1.612 0.000 1.000 1.000 - -5.13% 77.16% -100.00% 100.00%
Dec 0.166 0.243 1.370 1.204 0.121 2.007 0.231 2.007 0.000 1.000 1.000 1109.14% -5.13% 46.47% -100.00% 87.89%
Year 1.073 5.244 7.067 7.964 0.152 16.133 4.980 16.133 0.000 1.000 1.000 93.35% -5.29% 56.20% - 84.81%
TRNSYS F-Chart (New weaher) Diff
 38 
 
4.2.2 Setting pool area equals to 1000 m2 
As pool are is set very large, from Figure 4-16 - Figure 4-20, Only pool energy is similar for 
TRNSYS and F-Chart comparison while the rest of the results are quite different. Their 
difference percentages are shown in Table 4-4. 
 
 



































































































































































Jan 19.183 271.972 75.633 56.450 0.254 14.300 258.300 75.890 61.590 0.188 0.188 -25.45% -5.03% 0.34% 9.11% -34.91%
Feb 4.756 303.996 54.741 49.985 0.087 14.590 288.500 70.230 55.630 0.208 0.208 206.74% -5.10% 28.29% 11.29% 58.23%
Mar 6.226 429.073 55.886 49.660 0.111 18.670 407.600 80.260 61.590 0.233 0.233 199.85% -5.00% 43.61% 24.02% 52.18%
Apr 0.000 477.892 35.407 41.023 0.000 18.970 453.800 78.570 59.610 0.241 0.241 - -5.04% 121.91% 45.31% 100.00%
May 0.000 563.847 23.750 35.564 0.000 20.650 535.200 82.250 61.590 0.251 0.251 - -5.08% 246.31% 73.18% 100.00%
Jun 0.000 594.951 10.119 29.482 1.000 21.030 565.100 31.710 10.670 0.663 0.663 - -5.02% 213.36% -63.81% -50.83%
Jul 0.000 591.038 4.873 26.602 1.000 0.000 561.400 0.000 0.000 1.000 1.000 - - - - -
Aug 0.000 555.188 10.620 28.658 0.000 21.410 527.300 28.240 6.830 0.758 0.758 - -5.02% 165.92% -76.17% 100.00%
Sep 0.000 476.338 25.455 33.620 0.000 20.200 452.400 79.810 59.610 0.253 0.253 - -5.03% 213.54% 77.30% 100.00%
Oct 0.000 425.853 39.304 41.871 0.000 20.550 404.500 82.140 61.590 0.250 0.250 - -5.01% 108.98% 47.10% 100.00%
Nov 12.192 309.884 61.442 49.250 0.198 16.380 294.500 75.990 59.610 0.216 0.216 34.35% -4.96% 23.68% 21.04% 8.13%
Dec 12.413 243.492 69.739 57.325 0.178 12.940 231.200 74.530 61.590 0.174 0.174 4.24% -5.05% 6.87% 7.44% -2.30%
Year 54.771 5243.525 462.096 472.888 0.119 199.700 4979.700 759.630 559.920 0.263 0.263 72.57% -5.30% 39.17% 15.54% 54.93%
TRNSYS F-Chart (New weaher) Diff
 42 
 
4.3 Case3: Change heater capacity 
4.3.1 Setting heater capacity equals to 1 kW 
Shown in Figure 4-21 - Figure 4-25, the pool energy and auxiliary energy are similar for 
TRNSYS and F-Chart comparison while the rest of the results are quite different. Their 
difference percentages are shown in Table 4-5. 
 
 
Figure 4-21 Monthly Solar Energy delivered by the Solar Collectors to the Pool (Heater Cap.=1kw) 
 
 













































Figure 4-23Monthly Energy Supplied by the Backup Pool Heater (Heater Cap.=1kw) 
 
 
































































































Jan 11.998 13.599 14.676 2.678 0.818 14.300 12.910 16.980 2.678 0.842 0.842 19.19% -5.06% 15.70% -0.01% 2.91%
Feb 10.655 15.200 13.074 2.419 0.815 14.590 14.420 17.010 2.419 0.858 0.858 36.93% -5.13% 30.11% -0.01% 5.02%
Mar 13.988 21.454 16.605 2.617 0.842 18.670 20.380 21.340 2.678 0.875 0.875 33.47% -5.00% 28.52% 2.32% 3.73%
Apr 9.944 23.895 12.075 2.131 0.824 18.960 22.690 21.560 2.592 0.880 0.879 90.67% -5.04% 78.55% 21.62% 6.42%
May 6.352 28.192 7.432 1.080 0.855 13.600 26.760 13.600 0.000 1.000 1.000 114.11% -5.08% 82.99% -100.00% 14.53%
Jun 0.000 29.748 0.024 0.094 1.000 3.910 28.260 3.910 0.000 1.000 1.000 - -5.00% 15872.03% -100.00% 0.00%
Jul 0.000 29.552 0.000 0.000 1.000 0.000 28.070 0.000 0.000 1.000 1.000 - - - - -
Aug 1.006 27.759 1.168 0.162 0.861 3.790 26.370 3.790 0.000 1.000 1.000 - -5.01% 224.43% -100.00% 13.87%
Sep 6.503 23.817 7.266 0.763 0.895 13.270 22.620 13.270 0.000 1.000 1.000 104.05% -5.03% 82.62% -100.00% 10.50%
Oct 13.789 21.293 16.007 2.218 0.861 20.550 20.230 23.220 2.678 0.885 0.885 49.03% -4.99% 45.06% 20.76% 2.66%
Nov 15.562 15.494 18.154 2.592 0.857 16.380 14.720 18.970 2.592 0.863 0.863 5.26% -5.00% 4.50% 0.00% 0.67%
Dec 10.896 12.175 13.574 2.678 0.803 12.930 11.560 15.610 2.678 0.828 0.828 18.67% -5.05% 15.00% -0.01% 3.06%
Year 100.693 262.176 120.056 19.433 0.839 150.940 248.980 169.250 18.314 0.892 0.892 33.29% -5.30% 29.07% -6.11% 5.97%
TRNSYS F-Chart (New weaher) Diff
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4.3.2 Setting heater capacity equals to 1000 kW 
Shown in Figure 4-26 - Figure 4-30, the pool energy and load are similar for TRNSYS and F-
Chart comparison while the rest of the results are quite different. Their difference percentages 
are shown in Table 4-6. 
 
 
Figure 4-26 Monthly Solar Energy delivered by the Solar Collectors to the Pool (Heater Cap.=1000kw) 
 
 













































Figure 4-28Monthly Energy Supplied by the Backup Pool Heater (Heater Cap.=1000 kw) 
 
 































































































Jan 6.245 13.599 52.456 46.211 0.119 10.020 12.910 59.480 49.460 0.169 0.168 60.46% -5.06% 13.39% 7.03% 29.56%
Feb 6.496 15.200 48.435 41.939 0.134 10.180 14.420 53.960 43.780 0.189 0.189 56.70% -5.13% 11.41% 4.39% 29.03%
Mar 7.938 21.454 43.074 35.136 0.184 14.920 20.380 43.230 28.300 0.345 0.345 87.97% -5.00% 0.36% -19.46% 46.59%
Apr 3.313 23.895 24.460 21.147 0.135 16.560 22.690 26.040 9.480 0.636 0.636 399.84% -5.04% 6.46% -55.17% 78.70%
May 1.602 28.192 11.406 9.805 0.140 13.600 26.760 13.600 0.000 1.000 1.000 749.10% -5.08% 19.23% -100.00% 85.96%
Jun 0.000 29.748 0.047 0.820 1.000 3.910 28.260 3.910 0.000 1.000 1.000 - -5.00% 8308.35% -100.00% 0.00%
Jul 0.000 29.552 0.000 0.000 1.000 0.000 28.070 0.000 0.000 1.000 1.000 - - - - -
Aug 0.000 27.759 1.728 1.731 0.000 3.790 26.370 3.790 0.000 1.000 1.000 - -5.01% 119.36% -100.00% 100.00%
Sep 2.036 23.817 9.475 7.439 0.215 13.270 22.620 13.270 0.000 1.000 1.000 551.77% -5.03% 40.05% -100.00% 78.51%
Oct 4.880 21.293 25.557 20.676 0.191 18.470 20.230 27.230 8.760 0.678 0.678 278.45% -4.99% 6.55% -57.63% 71.83%
Nov 8.403 15.494 41.889 33.486 0.201 13.400 14.720 42.630 29.220 0.314 0.314 59.47% -5.00% 1.77% -12.74% 36.11%
Dec 7.011 12.175 54.945 47.934 0.128 8.740 11.560 61.520 52.780 0.142 0.142 24.65% -5.05% 11.97% 10.11% 10.13%
Year 47.924 262.176 313.471 266.324 0.153 126.860 248.980 348.630 221.780 0.364 0.364 62.22% -5.30% 10.08% -20.08% 58.00%
TRNSYS F-Chart (New weaher) Diff
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4.4 Case4: Change ratio of flow rate over collector area 
4.4.1 Setting ratio equals to 0.03 
Shown in Figure 4-31 - Figure 4-35Figure 4-34, the pool energy and load are similar for TRNSYS 
and F-Chart comparison while the rest of the results are quite different. Their difference 
percentages are shown in Table 4-7. 
 
 
Figure 4-31 Monthly Solar Energy delivered by the Solar Collectors to the Pool (Ratio =0.03) 
 
 













































Figure 4-33Monthly Energy Supplied by the Backup Pool Heater (Ratio =0.03) 
 
 
































































































Jan 5.718 13.599 56.143 50.425 0.102 10.020 12.910 59.480 49.460 0.169 0.168 75.25% -5.06% 5.94% -1.91% 39.74%
Feb 5.021 15.200 52.051 47.030 0.096 10.180 14.420 53.960 43.780 0.189 0.189 102.74% -5.13% 3.67% -6.91% 48.96%
Mar 5.177 21.454 44.921 39.744 0.115 14.920 20.380 43.230 28.300 0.345 0.345 188.20% -5.00% -3.76% -28.79% 66.60%
Apr 1.387 23.895 25.150 23.764 0.055 16.560 22.690 26.040 9.480 0.636 0.636 1094.24% -5.04% 3.54% -60.11% 91.33%
May 0.686 28.192 11.616 10.930 0.059 13.600 26.760 13.600 0.000 1.000 1.000 1882.40% -5.08% 17.08% -100.00% 94.09%
Jun 0.000 29.748 0.246 0.994 1.000 3.910 28.260 3.910 0.000 1.000 1.000 - -5.00% 1488.38% -100.00% 0.00%
Jul 0.000 29.552 0.000 0.000 1.000 0.000 28.070 0.000 0.000 1.000 1.000 - - - - -
Aug 0.000 27.759 1.869 1.987 0.000 3.790 26.370 3.790 0.000 1.000 1.000 - -5.01% 102.83% -100.00% 100.00%
Sep 1.365 23.817 9.645 8.280 0.142 13.270 22.620 13.270 0.000 1.000 1.000 872.30% -5.03% 37.59% -100.00% 85.85%
Oct 2.731 21.293 26.494 23.764 0.103 18.470 20.230 27.230 8.760 0.678 0.678 576.37% -4.99% 2.78% -63.14% 84.80%
Nov 5.540 15.494 43.463 37.922 0.127 13.400 14.720 42.630 29.220 0.314 0.314 141.87% -5.00% -1.92% -22.95% 59.40%
Dec 6.906 12.175 59.732 52.826 0.116 8.740 11.560 61.520 52.780 0.142 0.142 26.56% -5.05% 2.99% -0.09% 18.58%
Year 34.530 262.176 331.330 297.666 0.104 126.860 248.980 348.630 221.780 0.364 0.364 72.78% -5.30% 4.96% -34.22% 71.37%
TRNSYS F-Chart (New weaher) Diff
 54 
 
4.4.2 Setting ratio equals to 0.05 
Shown in Figure 4-36 - Figure 4-40, the pool energy and load are similar for TRNSYS and F-
Chart comparison while the rest of the results are quite different. Their difference percentages 
are shown in Table 4-8.  
 
 
Figure 4-36 Monthly Solar Energy delivered by the Solar Collectors to the Pool (Ratio =0.05) 
 
 













































Figure 4-38Monthly Energy Supplied by the Backup Pool Heater (Ratio =0.05) 
 
 































































































Jan 5.570 13.599 55.995 50.425 0.099 10.020 12.910 59.480 49.460 0.169 0.168 79.89% -5.06% 6.22% -1.91% 41.14%
Feb 4.823 15.200 51.770 46.948 0.093 10.180 14.420 53.960 43.780 0.189 0.189 111.09% -5.13% 4.23% -6.75% 50.71%
Mar 4.878 21.454 44.787 39.910 0.109 14.920 20.380 43.230 28.300 0.345 0.345 205.87% -5.00% -3.48% -29.09% 68.43%
Apr 0.994 23.895 25.006 24.012 0.040 16.560 22.690 26.040 9.480 0.636 0.636 1566.37% -5.04% 4.14% -60.52% 93.75%
May 0.642 28.192 11.406 10.764 0.056 13.600 26.760 13.600 0.000 1.000 1.000 2018.56% -5.08% 19.24% -100.00% 94.37%
Jun 0.000 29.748 0.190 0.994 1.000 3.910 28.260 3.910 0.000 1.000 1.000 - -5.00% 1958.16% -100.00% 0.00%
Jul 0.000 29.552 0.000 0.000 1.000 0.000 28.070 0.000 0.000 1.000 1.000 - - - - -
Aug 0.000 27.759 1.814 2.070 0.000 3.790 26.370 3.790 0.000 1.000 1.000 - -5.01% 108.95% -100.00% 100.00%
Sep 1.370 23.817 9.567 8.197 0.143 13.270 22.620 13.270 0.000 1.000 1.000 868.96% -5.03% 38.71% -100.00% 85.68%
Oct 2.666 21.293 26.264 23.598 0.102 18.470 20.230 27.230 8.760 0.678 0.678 592.71% -4.99% 3.68% -62.88% 85.03%
Nov 5.204 15.494 43.540 38.336 0.120 13.400 14.720 42.630 29.220 0.314 0.314 157.50% -5.00% -2.09% -23.78% 61.94%
Dec 6.903 12.175 59.647 52.744 0.116 8.740 11.560 61.520 52.780 0.142 0.142 26.60% -5.05% 3.14% 0.07% 18.49%
Year 33.049 262.176 329.987 297.997 0.100 126.860 248.980 348.630 221.780 0.364 0.364 73.95% -5.30% 5.35% -34.37% 72.49%





For comparisons of F-Chart and TRNSYS Simulations on Pool Heating System, the results from 
two softwares do not match well on monthly results. The differences of annual total solar energy, 
annual solar radiation absorbed by the pool, annual load demand, annual auxiliary heating energy 
and f factor are 62.16%, -4.95%, 10.33%, -19.5%, 57.85%, respectively. The mains temperature 
varies based on the input profile. The different cases studies are covered, which still indicates 
that TRNSYS and F-Chart simulations do not match well by showing large annual differences 
among the comparisons.  
 
The calculation algorithms of TRNSYS and F-Chart for Pool Heating System are doubted to be 
quite different, which results in the large result variations. 
 
Therefore, for IC3 development, Pool Heating System model by TESS modeling group is 
recommended, which is shown in APPENDIX B. 
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7 APPENDIX A: TRNSYS OUTPUT FOR POOL HEATING SYSTEM  
The purpose of this section is to present all TRNSYS output plots for each TRNSYS primary components shown in Pool Heating 
System for further demonstrating working principle of TRNSYS system. 
7.1 Weather 
 






























Figure 7-2 Solar Radiation 
7.2 Solar Collector 
 
































































Figure 7-4 Output Mass Flow Rate of Solar Collector 
 
 































































7.3 Pump 1 
 
Figure 7-6 Output Temperature of Pump 1 
 

































































Figure 7-8 Power Consumption of Pump 1 
7.4 Controller 
 


















































7.5 Pump 2 
 
Figure 7-10 Output Temperature of Pump 2 
 






























































Figure 7-12 Power Consumption of Pump 2 
7.6 Pump 3 
 



























































Figure 7-14 Output Mass Flow Rate of Pump 3 
 
 

































































Figure 7-16 Aquastat in Swimming Pool Loop 
7.8 Diverter 
 
Figure 7-17 Output Temperature for Outlet 1 
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Figure 7-18 Output Mass Flow Rate for Outlet 1 
 
 





























































Figure 7-20 Output Mass Flow Rate for Outlet 2 
7.9 Heater 
 





























































Figure 7-22 Output Mass Flow Rate for Heater 
 
 





































































Figure 7-24 Output Temperature for Mixer 
 



























































7.11 Swimming Pool 
 
Figure 7-26 Pool Temperature 
 

































































8 APPENDIX B: TRNSYS AND F-CHART COMPARISON REPORT FROM TESS 
MODELING GROUP 
The TESS Modeling Group Simulated the Pool Heating System by completely separating two 
loops apart, shown in Figure 8-1. There is no connection between the upper and lower loop. The 
reason for that was given as a not “matching results” compared with results by F-Chart if adding 
solar system directly to the pool system. The detailed report is shown below.  
 

















9 APPENDIX C: ASSESSMENT OF AN INDOOR OT OUTDOOR SWIMMING POOL REPORT 
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